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(54) HIGH MAGNETIC FIELD AND HIGH HOMOGENEOUS SUPERCONDUCTING MAGNET 
DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a high magnetic 
field and high homogeneous superconducting magnet 
device using a superconducting wire that can be 
manufactured at present while allowing the future 
development results of oxide superconductors to be 
introduced. 

SOLUTION: In this superconducting magnet device 
where a superconducting main coil group generating a 
main magnetic field, a superconducting correction coil 
group adjusting the space distribution of magnetic fields 
so as to keep the magnetic homogeneity in a space near 
the center of the main coil group, and a superconducting 
shim coil group are concentrically arranged, a cylindrical 
reserve space for additional correction coils is provided 
between the main coil group and the shim coil group. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] High magnetic field uniformity coefficient super-conductive magnet equipment 
characterized by being what characterized by providing the following. The superconductivity main 
coil group which generates the main magnetic field. It sets to the high magnetic field uniformity 
coefficient super-conductive magnet equipment with which the superconductivity amendment 
coil group for adjusting the spatial distribution of a magnetic field and the superconductivity 
SIMM coil group were arranged in the shape of the said heart so that the uniformity coefficient 
of the magnetic field in the space near [ aforementioned ] the superconductivity coil center of 
group may be maintained, and it is the cylinder-like reserve space for an amendment coil 
addition to between the aforementioned superconductivity main coil group and superconductivity 
SIMM coil groups. 

[Claim 2] High magnetic field uniformity coefficient super-conductive magnet equipment 
according to claim 1 which arranges a space occupation member to the aforementioned cylinder- 
like reserve space. 

[Claim 3] Super-conductive magnet equipment according to claim 2 whose aforementioned 
space occupation member is what it becomes from aluminum, an aluminium alloy, iron, an iron 
alloy, copper, a copper alloy, or a glass fiber strengthening resin. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
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2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention is a high magnetic field like the 
superconductivity magnet used for the nuclear-magnetic-resonance (NMR) equipment using the 
permanent current, and it is related with the super-conductive magnet equipment (permanent- 
current magnet system) demanded that a magnetic field uniformity coefficient is high. 
[0002] 

[Description of the Prior Art] In recent years, it is required with the superconductivity magnet 
for NMR equipments that the magnetic field to generate should be made higher. With the so- 
called alloy system material which makes the main material NbTi which is the superconducting 
material used from the former, and the compound system material represented by Nb3Sn, the up 
critical magnetic fields in about 4.2 K which is the boiling point of liquid helium are about 1 1.5T 
and about 22T, respectively. And when it is going to realize the superconductivity magnet for 
NMR equipments which generates a magnetic field still higher than the above-mentioned critical 
magnetic field using such a superconducting material, the up critical magnetic field of a 
superconducting material is raised, and the method of raising the magnetic field which a magnet 
generates as the result is adopted by what the liquid helium which cools them is decompressed 
and the temperature of RIUMU is reduced for to a liquid (expansion cooling). 
[0003] On the other hand, as for the oxide superconductivity material discovered in 1989, it is 
known that a critical magnetic field is about [ far high ] 100-700T compared with the above- 
mentioned alloy system material or compound system material. And it can guess easily that the 
magnetic field which the superconductivity magnet for NMR generates can be raised by using 
such a material for the coil member of the superconductivity magnet for NMR. 
[0004] However, at present, oxide superconductivity material is difficult to produce the wire rod 
which has a uniform property by the long picture. Moreover, although the connection technology 
in^which of it is required that the magnetic field which it generates should be generated time 
very stably, and it lessens connection resistance between wire rods extremely is required for the 
superconductivity magnet for NMR, in an oxide-superconductivity wire rod, the actual condition 
is that the technology for lessening connection resistance between wire rods extremely, and 
maintaining a permanent current is not established. 

[0005] By the way, that the uniformity coefficient of a magnetic field is high like the above- 
mentioned superconductivity magnet for NMR equipments sets to the super-conductive magnet 
equipment demanded. The main coil group which generates the main magnetic field, and the 
spatial distribution of the magnetic field which this main coil group generates into the axis 
portion of a superconductivity magnet to outline homogeneity An amendment amendment coil 
group, And it is common that the SIMM coil group which adjusts precisely the spatial distribution 
of the magnetic field generated near the axis of a superconductivity magnet is arranged in the 
shape of the said heart, and consists of two aforementioned coil groups. Moreover, the above- 
mentioned SIMM coil group consists of a usual state electrical-conduction SIMM coil group 
installed near the axis of a superconductivity magnet group by the inside of the direction of a 
path of the low-temperature container which includes a main coil group, an amendment coil 
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group and a superconductivity SIMM coil group, and a superconductivity SIMM coil group of the 
direction of a path of a low-temperature container which is arranged most outside and uses a 
superconductivity wire rod as a member in many cases. 

[0006] Under the above situations, when producing the superconductivity magnet for high 
magnetic field NMR equipments, it is expected by changing a part of main coil group which exists 
near the center section of this magnet to an oxide superconductivity coil group that a magnetic 
field can be raised further. Therefore, it is required to prepare for such a future ED result and to 
make a superconductivity magnet the composition which can respond to the result. 
[0007] When a part of main coil group which exists near a center section is generally exchanged, 
it changes a lot, and by the existing superconductivity coil group or the usual state electrical 
conduction SIMM coil group, the distribution of a magnetic field cannot make a magnetic field 
uniform, but needs to reproduce an amendment coil group. If an amendment coil group is 
reproduced, the geometric size will change, and it becomes impossible however, to install the 
superconductivity SIMM coil group installed in the outside of the amendment coil group 
concerned. It is necessary to also reproduce a superconductivity SIMM coil group from such a 
thing. Furthermore, the need of also reproducing the low-temperature container which includes a 
superconductivity coil group comes out 
[0008] 

[Problem(s) to be Solved by the Invention] this invention is made under such a situation, and 
enabling it to incorporate the development result of a future oxide superconductivity material, 
the purpose is the high magnetic field which used the superconductivity wire rod producible at 
present, and is to offer super-conductive magnet equipment with a high uniformity coefficient. 

[0009] . 
[Means for Solving the Problem] With the super-conductive magnet equipment of this invention 
which could attain the above-mentioned purpose In the high magnetic field uniformity coefficient 
super-conductive magnet equipment with which the superconductivity main coil group which 
generates the main magnetic field, the superconductivity amendment coil group for adjusting the 
spatial distribution of a magnetic field so that the uniformity coefficient of the magnetic field in 
the space near [ aforementioned ] the superconductivity coil center of group may be maintained, 
and the superconductivity SIMM coil group were arranged in the shape of the said heart It has a 
summary at the point of preparing the cylinder-like reserve space for an amendment coil addition 
between the aforementioned superconductivity main coil group and a superconductivity SIMM 
coil group. 

[0010] In the super-conductive magnet equipment of the above-mentioned this invention, it is 
desirable to arrange a space occupation member to the aforementioned cylinder-like reserve 
space Moreover, as the aforementioned space occupation member, what consists of aluminum, 
an aluminium alloy, iron, an iron alloy, copper, a copper alloy, or a glass fiber strengthening resin 
can be mentioned. 

[Embodiments of the Invention] It explains more concretely about the operation effect of this 
invention equipment contrasting with the conventional equipment configuration based on a 
drawing below, drawing 1 is the outline cross section showing the example of 1 composition of 
the conventional permanent-current magnet system (super-conductive magnet equipment) and 
drawing 2 is an outline cross section supposing the case where the part which is a main coil is 
transposed to the coil which consists of oxide superconductivity material in the permanent 
current magnet system in the conventional technology 

[0012] In the equipment configuration shown in drawin g 1 , the superconductivity main coil group 
which generates the main magnetic field consists of a superconductivity main coil 1 around 
which the Nb3Sn superconductivity wire rod was wound, and a superconductivity main coil 2 
around which the NbTi superconductivity wire rod was wound. The superconductivity amendment 
coil groups 3a-3b around which the NbTi superconductivity superconductivity wire rod was 
wound are formed in the direction outside of a path of the superconductivity main coil 2. 
Moreover, the superconductivity SIMM coil groups 4a-4f around which the NbTi 
superconductivity superconductivity wire rod was wound are formed in the direction outside of a 
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path of the superconductivity amendment coil groups 3a-3b. That is, in this permanent-current 
magnet system, the superconductivity main coil group which consists of superconductivity main 
coils 1 and 2, the superconductivity amendment coil groups 3a-3b, and the superconductivity 
SIMM coil groups 4a-4f are arranged in the shape of the said heart, and are constituted. 
[0013] And the above superconductivity coil group is contained in the low-temperature container 
(cryostat) 6, and the inside of this low-temperature container 6 is maintained by liquid nitrogen 
and liquid helium at low temperature. Moreover, the usual state electrical-conduction SIMM coil 
5 is formed in the room temperature space portion near the center of this low-temperature 
container 6. moreover, this room temperature space — sample insertion — it is a hole and a 
sample is made to be measured by putting in a radiofrequency probe 

[0014] In such an equipment configuration, the equipment configuration shown in drawing 2 
assumed the case where some superconductivity main coils 1 were transposed to the coil which 
consists of oxide superconductivity material. And in the equipment shown in drawing 2 , oxide 
superconductivity material and a Nb3Sn superconductivity wire rod will be wound, and 
superconductivity main coil 1a will be constituted. Moreover, it is the same as that of the case of 
aforementioned drawing 1 that the superconductivity amendment coil groups 3a-3c around which 
the superconductivity wire rod around which the NbTi superconductivity wire rod was wound was 
wound are formed in the outside of that the superconductivity main coil 2 consists of NbTi 
superconductivity wire rods and the superconductivity main coil 2. 
[0015] And since a part of superconductivity main coil 1a is changed into oxide 
superconductivity material in the equipment shown in drawing 2 compared with the equipment 
configuration shown in aforementioned drawing 1 Change will arise in the uniformity coefficient of 
the magnetic field generated by compounding by the superconductivity main coil groups 1a and 2 
and the superconductivity amendment coil groups 3a-3c. Since it corresponds to such a change, 
the superconductivity amendment coil groups 7a-7c will newly add to the outside of the 
superconductivity amendment coil groups 3a-3c, and will be prepared in it moreover, the 
superconductivity SIMM coils 9a-9f reproduced by the still bigger thing in the outside of the 
superconductivity amendment coil groups 7a-7c than the above-mentioned superconductivity 
SIMM coil groups 4a-4f according to such a design change — preparing — **** — it becomes 
things 

[0016] And although the above superconductivity coil group will be contained in low-temperature 
container 6a Since the superconductivity SIMM coils 9a-9f which the equipment shown in 
drawing 2 newly installed the superconductivity amendment coils 7a-7c compared with the 
equipment shown in aforementioned drawing 1 , and were made still larger than the 
aforementioned superconductivity SIMM coil groups 4a-4f will be formed Also in low- 
temperature container 6a which contains these, a diameter cannot but become large compared 
with the aforementioned low-temperature container 6 shown in drawing 1 . In addition, also in 
such low-temperature container 6a, it is the same as that of the case of the equipment 
configuration shown in aforementioned drawing 1 near [ the ] a center that the heterogeneity of 
a magnetic field is more precisely prepared in the usual state electrical-conduction SIMM coil 5 
of an amendment sake. 

[0017] As mentioned above, when some main coils are transposed to oxide superconductivity 
material in the future, in conventional permanent-current superconductive magnet equipment, it 
is necessary to newly reproduce the superconductivity amendment coil groups 7a-7c, the 
superconductivity SIMM coil groups 9a-9f, and low-temperature container 6a. 
[0018] Drawing 3 is the outline cross section showing the example of 1 composition of the 
permanent-current magnet system concerning this invention, and avoids duplication explanation 
by giving the same reference mark to aforementioned drawing 1 , and 2 and a corresponding 
portion. In addition, although the super-conductive magnet equipment concerning this invention 
is not limited to the composition shown in drawing 3 , and the superconductivity amendment coil 
groups 3a-3c consist of three coils at drawing 3 , for example, the length usually also differs, 
respectively, the number and length of this coil are suitably changed with the format of 
equipment. 

[0019] In the equipment of this invention, the cylinder-like reserve space 8 is formed between 
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the above-mentioned superconductivity amendment coil groups 3a~3c and the superconductivity 
SIMM coil 9a-9f group. And when considering as the superconductivity coil around which some 
superconductivity main coils 1 were wound with the oxide superconductivity wire rod in the 
future, the superconductivity amendment coil groups 7a-7c as shown in aforementioned drawing 
2 will add this reserve space 8, and it will be installed. Moreover, the superconductivity SIMM 
coils 9a-9f beforehand enlarged compared with the superconductivity SIMM coils 4a-4f shown in 
aforementioned drawing 1 are arranged by forming the cylinder-like reserve space 8 as 
mentioned above. Furthermore, according to this, the diameter is set up comparatively greatly so 
that each aforementioned coil group can also contain low-temperature container 6a. That is, in 
the equipment configuration of this invention shown in drawing 3 , the reserve space 8 is formed 
instead of the superconductivity amendment coils 7a-7c as shown in drawing 2 . 
[0020] Therefore, with the super-conductive magnet equipment of this invention shown in 
drawing 3 , when some superconductivity main coils 1 are carried out with oxide 
superconductivity material, what newly need to be produced will require only the 
superconductivity amendment coil groups 7a-7c. 

[0021] In addition, although it considers as the composition which forms the cylinder-like reserve 
space 8 between the superconductivity amendment coil groups 3a-3c and a superconductivity 
SIMM coil 9a-9f group with the composition shown in drawing 3 and can cook The position in 
which the cylinder-like reserve space 8 is established can also be made into between the 
superconductivity main coil groups 1 and 2 and the superconductivity amendment coil groups 
3a-3c, and, in short, should just be between the superconductivity main coil groups 1 and 2 and 
a superconductivity SIMM coil 9a-9f group. Moreover, what is necessary is just to usually set the 
size of this reserve space 8 as about 5-20mm, although the width of face needs to be at least 
1mm or more. 

[0022] By the way, when cooling the whole super-conductive magnet equipment as shown in 
drawing 3 , the aforementioned reserve space 8 will also be full of liquids, such as liquid helium. 
And the need that decompress the liquid helium which cools this magnet system, and reduce the 
temperature of liquid helium, and the liquid helium which exists in the reserve space 8 also 
reduces temperature when the method of raising the magnetic field which the up critical 
magnetic field of a superconducting material is raised by that, and a magnet generates as the 
result is adopted is **. 

[0023] for example, the size of the reserve space 8 — inner — supposing it is diameter:960mm 
and length:1 604mm diameter.927mm and outside, the capacity will become about 78I. And power 
required to cool the liquid helium equivalent to such capacity from 4.2K to 1.8K is set to about 
about 25kWh. That is, when the above reserve space 8 is formed, the situation which consumes 
the power for cooling so much and becomes uneconomical will be caused. 
[0024] It is mentioned as an operation gestalt also with desirable also arranging this space 
occupation member until it produces the space occupation member of the configuration 
corresponding to the reserve space 8 concerned by aluminum, the aluminium alloy, etc. and adds 
and installs the aforementioned superconductivity amendment coils 7a-7c in the above- 
mentioned reserve space 8 as a means to avoid such a situation. Generating of useless power 
consumption can be lost by adopting such composition and eliminating the liquid helium with 
which it fills up in the reserve space 8. 

[0025] In addition, although what [ not only ] consists of the above-mentioned aluminum or an 
aluminium alloy as a cylinder-like member arranged in the reserve space 8 but what consists of 
iron or an iron alloy, what consists of copper or a copper alloy, the thing which consists of a 
glass fiber strengthening resin further, etc. can be used It is desirable especially to consist of 
iron or an iron alloy, and to adopt a nonmagnetic thing from a viewpoint that electromagnetic 
force does not act on the viewpoint of attaining a uniformity coefficient and body member of a 
magnetic field. 
[0026] 

[Effect of the Invention] this invention was constituted as mentioned above, enabling it to 
incorporate the development result of a future oxide superconductivity material, it is the high 
magnetic field which used the superconductivity wire rod producible at present and super- 
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conductive magnet equipment with a high uniformity coefficient has been realized. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline cross section showing the example of 1 composition of the 
conventional permanent-current magnet system. 

[Drawing 2] It is an outline cross section supposing the case where some main coils are 
transposed to the coil which consists of oxide superconductivity material in the permanent- 
current magnet system in the conventional technology. 

[Drawing 3] It is the outline cross section showing the example of 1 composition of the 

permanent-current magnet system concerning this invention. 

[Description of Notations] 

1, 1a, 2 Superconductivity main coil 

3a-3c, 7a-7c Superconductivity amendment coil 

4a-4f, 9a-9f Superconductivity SIMM coil 

5 Usual State Electrical-Conduction SIMM Coil 

6 6a Low-temperature container 
8 Cylinder-like Reserve Space 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DRAWINGS 
[Drawing 1] 




[Drawing 2] 
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